The main metabolic pathways of anticancer drug 
INTRODUCTION. Cytostatic drug 5-fluorouracil (5-FU) was synthesized in the middle of the previous century and since that time has been widely used for treatment of different types of oncological diseases including gastric cancer [1] . 5-FU itself is not an active substance, however, being a prodrug which is activated by transforming to different nucleotides via several pathways: 1) addition of ribose-1-phosphate (rib-1-P) or 2'-deoxy-ribose-1-phosphate (d-rib-1-P) under the action of thymidine phosphorylase (TP) or uridine phosphorylase (UP). Traditionally UP is considered to be specific only to ribonucleosides and TP -to deoxyribonucleosides. However, researchers Kouni et al. [2] have shown that in different tissues these enzymes have different substrate specificity and TP can catalyze the activation of 5-FU via addition of d-rib- 1-P; 2) direct transfer of ribose phosphate from phosphoribosyl pyrophosphate (PRPP) to catalyzed by orotate phosphoribosyl transferase [3, 4] .
Taking in account the fact that 5-FU acts only when transformed to active metabolites, the efficiency of this drug is determined by the intensiveness of its activation in human cells. First of all this parameter depends on the activity of the main metabolic enzymes of 5-FU -TP and UP. Various studies are devoted to the research of these enzymes activity or expression in different tissues and their relation to the efficiency of 5-FU-based chemotherapeutic regimens [5, 6] .
Meanwhile, there is another factor which determines the rate of activation of 5-FU in the cell, namely the presence of co-substrates essential for the action of 5-FU activating enzymes, e.g. various pentose phosphates and their donors. Pentose phosphates in the cell are synthesized from naturally occurring nucleosides or from glucose which is transformed to ribose-5-phoshate in the pentose-phosphate pathway. Further ribose-5-phospate binds to ATP to form PRPP. Breakdown of the nucleosides results in the formation of either rib-1-P or d-rib-1-P. [7] . The data regarding the role of each of these pentose sources for activation of 5-FU in various species are present in the scientific literature but not properly systemized; moreover, the predominance of the activation pathways of 5-FU varies in different organisms [4, 7, 8] . It is still unknown which sources of pentose phosphates are used for the activation of 5-FU in gastric cancerous and normal tissues. The aim of the present study was to determine the naturally occurring nucleosides which serve as pentose phosphate donators for the first step of METHODS OF RESEARCH. The natural nucleosides: adenosine, thymidine and uridine were used as the sources of pentose phosphates in the present study. For the evaluation of their participation in the process of 5-FU activation we used the model in vitro systems which contained one of the abovementioned nucleosides, 5-FU and homogenates of tumor or adjacent normal stomach mucosa. Tissues were obtained during the gastrectomy in 10 patients (6 males) aged from 38 to 76 years old at different stages of gastric cancer (T=2-4).
Reaction mixture consisted of 5-FU and nucleoside (adenosine, thymidine or uridine) in the equimolar concentration dissolved in the phosphate buffer (рН=7.4) with mercaptoenthanol. Reaction was initiated by the addition of tissue homogenate. Immediately after initiation of the reaction as well as in 45 minutes of incubation at 37 ºС the reaction was terminated by the addition of acetonitrile to the samples. The precipitated protein was removed by means of centrifugation of this mixture for 15 minutes at 12 000 g. Then acetonitrile was extracted from the samples by means of chloroform.
The concentrations of the initial reactants (5-FU, adenosine, thymidine, uridine) and reaction products (5-FUd, 5-FdUd, inosine, hypoxantine, thymine, uracil) were determined using HPLCsystem (Konikrom, Spain) with UV-spectrometer at 260 nm. The typical chromatogram for the system "5-FU+thymidine" incubated with homogenate of gastric adenocarcinoma is presented in Figure 1 .
The calculation of the concentrations of all metabolites was performed using the calibration curves constructed by 5 different concentrations of these substances after the preparation described above.
RESULTS AND DISCUSSION. The incubation of the system containing adenosine and resulted in the accumulation of the products of adenosine breakdown -inosine and hypoxantine, 5-FUd being barely formed (Figure 2 ).
In the homogenates of all patients the accumulation of reaction products and loss of initial substrates was uniform; there were only differences in the absolute values of concentration change. As for example, in the system containing homogenate of adenocarcinoma of patient A. the concentration of adenosine decreased by (245.3±2.9) mcmol/l after 45 minutes of incubation, while the increase of inosine and hypoxantine level made up 60 % and 23 % of adenosine loss respectively. The level of 5-FU barely changed during the incubation, the delta of its concentration amounted to (6.3±2.5) mcmol/l. There was no statistical difference between the changes of all metabolites concentrations in the systems containing tumor tissue homogenates and systems with normal tissue homogenates.
In the system "5-FU+thymidine" the significant equimolar loss of initial metabolites concentration and corresponding increase of the reaction products -5-FdUd and thymine was observed ( Figure 3) .
As exemplified in figure 3, in the system with patient A.'s tumor tissue homogenate the loss of 5-FU and thymidine concentration amounted to (98.0±3.0) and (91.3±4.3) mcmol/l respectively and increase of 5-FdUd and thymine was (70.0±0.7) and (77.0±0.8) mcmol/l respectively. The accumulation of 5-FdUd and thymine was equimolar in all probes, there were no statistical differences between these values according to non-parametric Wilcoxon test. For the tumor tissue the mean change of all metabolites concentration was 30 % higher than in normal adjacent mucosa, differences were statistically significant at p<0.05. Figure 4 presents the change of metabolites concentration in the system containing 5-FU and uridine. The mechanism of reactions in the above described systems for purine and pyrimidine nucleosides differs in the number of stages and enzymes involved in these processes. The cleavage of adenosine to inosine and ammonia is catalyzed by adenosine deaminase and further breakdown of inosine to hypoxantine and rib-1-P is provided by purine nucleoside phosphorylase. Rib-1-P obtained as a result of inosine phosphorolysis may be a substrate for [4, 7] . As is proven in the system "5-FU+adenosine" hypoxantine was obviously synthesized hence the formation of rib-1-P arose as well. In the meantime there was no 5-FUd increase observed therefore free rib-1-P had not been attached to 5-FU. This fact proves that 5-FU activation by means of pentose phosphate exchange with adenosine is impossible.
For pyrimidine nucleosides ribose exchange reactions are carried out in one stage whereas pyrimidine nucleoside phosphorylases have both phoshorylase and transferase activities, so they are able to transfer pentose phosphates from one pyrimidine base to another [9] .
Results of the present study showed that there was no rib-1-P exchange in the system "5-FU+uridine". Data from the similar study on Erlich ascites carcinoma testify that interaction of 5-FU and uridine led to the formation of active metabolites of the drug [8] . It is obvious that in the present study the enzymatic systems of gastric tissues were unable to transfer rib-1-P from uridine to 5-FU so the reason of inconsistency of our data and results of other authors was the usage of different tissues as the research objects.
At the same time there was equimolar accumulation of reaction products -5-FdUd and thymine in the system containing 5-FU and thymidine. Whereas the loss of 5-FU in the presence of thymidine was an order greater than in the presence of uridine. These facts give evidence that thymidine is used by the cancer and normal gastric cells for the activation of 5-FU. It is logically to opine that at saturation of tissues with 5-FU which occurs e.g. at intraarterial administration, this drug would "capture" pentose from thymidine thereby depleting the pool of this nucleoside in the cells.
Thymidine was the only nucleoside used in the present study that contained the residue of 2'-deoxyribose. Since the cleavage of d-rib-1-P is mainly catalyzed by TP the observed transformation of 5-FU in the presence of thymidine was provided by the catalytic activity of this enzyme. As is proven in this study the change of all metabolites concentrations in the system "5-FU+thymidine" with tumor homogenate was significantly higher than in the system with normal adjacent tissue homogenate. It might be explained by the fact that in solid tumors in different cancer types the hyperexpression of TP in the comparison with normal tissues is observed [9] .
It is known [10] that thymidine is used by cells for the "salvage" pathway of thymidilate. That is why the change of thymidine level may lead to the change in the concentration of dTMP, dTDP and dTTP. The well-known mechanism of action of 5-FdUMP which is the active form of 5-FU involves inhibition of thymidilate synthase that leads to the decrease of the thymidine nucleotides amount and failure of DNA synthesis [11] . However, as it was shown in the present study 5-FU itself without transformation to 5-FdUMP is able to decrease the concentration of thymidine thus eliminating the possibility of dTMP, dTDP and dTTP synthesis. In other words, this influence of 5-FU may be alternative to the generally accepted mechanisms of action of this drug which is realized directly without biotransformation to active metabolites.
On the other hand, the pharmacological modulation of 5-FU metabolism based on usage of various sources of pentose phosphates provides the increase of its clinical effectiveness. Investigation of the possibility of 5-FU effects modulation by means of synthetic nucleoside analogs has shown that azidothymidine, 3'-deoxythymidine, 3'-didehydrothymidine have the stimulating effect on 5-FU cytotoxicity when applied to the mammary and intestine cancer cell lines. 5-Hydroxymethyl-2'-deoxyuridine and modified analogs of inosine enforce the effects of CONCLUSIONS. Thus, it was stated that among the examined natural nucleosides the source of pentose phosphate for 5-FU activation in gastric adenocarcinoma and normal adjacent tissue is thymidine; uridine and adenosine are unable to donate pentose residue to 5-FU in these tissues. This effect may lead to the depletion of intracellular thymidine pool that would contribute to the general cytotoxic action of 5-FU, while in tumors this influence might be greater than in normal tissues.
